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(57) 

LED©«ttJB (14) 'vwftigjtAaacftu. ^<on 

^-TiLED. e«£lt«t«ifitt. «3fecDLEDj;Dt>:*: 

#;aLEDTr«fflT?€r, a:a3^n&«sfettx**»»sn 

•6. ISilit^ (12) «:^r-r<E>LED 

Cai^pr«6T*«*». »«ii^€r^-5LEDOiaj!J 

»-r.6»«tto!>«K*j^«-r<&»®tt7^' (2 0 

a. 2 0 b. 2 2) iOftBStt. «S8E*<n>^' 

i^h (19> 21) iS^^V^y-a (20as 20b. 2 

2) fcj4«tu s*Koi«-:/*nfce (1 S, l 6) & 

(14) ICiSmU SttJH (14) ^«c|I«^*i±tX]E 




C2) 00 3-5 24 29 5 

K (LED) X-$>-oX. 

j:.\d^^'y^}v^M^^fcpmm (16). 

nmpMrnt nmm (le. 15) <DmKm.\fh^fzj:~\^^^i/^)vm.&^ 
^fzmnm (14) 

^m-r^ L E D n T (13) ~~ ~ " " 

mieLEDnr (13) KmmLfcmi<D::^-:fUyrm (11) i: . 
miELEDnr (13) ^^ilLTflfffSIS 1 <^;^ T'l^ (11) tcjii-^/!? 
jS: < t 1 oc07^ ( 2 3 ) t > 
mfEiJ'^'5:< i: l^<oM (2 3) <7)'f <^>lifia^ 1 <7>7> V >7 ^^Jl (11) <7)± 
< tiil ^(om 1 co«^m't47 -f >if (22) ^^T^mi (T>uy ^ ^ y ( 
2 1 ) -^afeoT. ttrie^ \(7:>r2y ^ ^ Y (21) < 1 o<7)^ 

1 <7)^mt:4-7 > (22) . Blrie^ \<T)7.-:fVvirm (1 1) ^J: (JltrlE L E 
D 3 r (13) \z.%M-ii^m.^'^ J:dlzLfzmi<D:2>if^ h (21) t> 

■mfim(0::^zfU^y (11) t{iKMlBlJ<75flJ|SL EDnr (13) <?)±(:: 
^i^^j: < ti>l <:><r>^ 2 (Dmm.'tky ^ >if {2 0 20b) ^:^-^^m2(0^y 
h (19) T^oT, miB^ 2 (7) 3 > h (1 9) 7!)^^. ttTlB^^'i < t ^ 
1 ^<Dm 2 -P ^ yiS (20a> 20b) ^J: ?7mrfS L E D 3 T (13) 

i.0^^\^fz%2<D^y ^ if Y (19) 
^r-Hx. ;t CI t -r S ^ - 7 -T-JV L E D o 

\m^^2\ ■^l^^KntT.rfVvdrm (i i) (±> n^j-tf^^^-:/^;!^® 
-e$> i t $r#^ i: -r ;S> m*:^ 1 tifSto L E D o 

3 ] Hfrie n (15) {4> 1 <^;^ 7" y (11) 

lll^tTu^;i,Ci:«r#®ti:-r;S>^^^S 1 t::fe«<75 L E Do 

m^-^ 4 1 frlE^ 2(03>':J'^h (19) *3J: Of|fr|24'^^r < t 1 oc7) 
^2oagc®'tt7'f (2 0 a> 2 0 b) {4. flfrlEp Me±ti^;?, Cl t 
■rslt*:^ 1 tc|Bm<?5L EDo 



C3) i^^2 00 3-5 24 29 5 

[^33^1^5] mi5i!'-'5:< t 1 O60^2co««t47'/ (2 0 a^ 2 0 
b) i^XU^mm^J^-^J: < ti> 1 o(7)^ 1 ^ (2 2) {±> 

;^i<7)-§B^tCOV^Tit:laWC^)* i t ^S^^tt^mi^m l lCieiR<?) L E Do 

b) ^5J:Z>'Mia4'^'^ < i: 1 00^ 1 c7>^mt4-7 ^ (2 2) fi. ^ttt,<75:R 

Ki^-fimmmx^^^ ^t^mwLt-ri>m^m i i^ie«<?5LEDo 

[WjSc«7] fltrfBSl<o;^>^l/';'3^« (11) ICP^L. HtrlBLEDnr 
(13) tiiKMmK^iffz^m (1 2) Sr? ibtw'ifx./^ri fc^^mtf 

m. 1 tw|B®cDL E Do 

[m*^8i mtmu (12) {±s ^mtt^^-c^^^t 

^]S7 i;fe«<7)LEDo 

[W^«9l miem<^:=^:/Vv';5^® (1 1) t (iS:^lll<^ftrlELED=r 
T (13) Km2<r>7.-:fUy (18) S•?^^^l'Oix.^ 1irfE»2 (Ort^'rJ^rJ^ h 
(19) ^ J: J>'Btrl24-^'5: < t 1 o<7>OT'r4-7 -f ^;^(20a> 20b){i>fltr 

|S^2<7)>^7°l/-y i5^-© (18) t;it«?tt. MIB^r^^^ h (19) I'EPiH^tL 

Ttmvsit*^ miB^^'i < t 4j 1 -^xDmm-ny^ (2 0 a. 20 b) tcj^tkb, 

m^%2(r>:^-/Vy Vm (18) ^ilDTs -BtlBLEDrJT (13) \^^%i-fi> 
C: $r#m i: -r & li*:^ 1 I^IB«<^ L E D o 

[^^iglOl miB^2<7)X^V';/ (1 8) (i^ ^3a##-e^;S)^i: 
i -r 9 I^IB^O L E D o 

[W^^ll 1] 1 o<7)^|B^ 1 c;>^m'r4-7 >:^7* (2 2) miB^ 
2<^3>^;J^h (19) *3,}: Xf^ptj: < t 1 0(7)#®t47 -Y^** (20a^ 20 

b) fi> ^ateu^B<o«m'r4m?r?i^Blot^ mzm\(o::i-y ^ ^ y (21) *3J: 
wiB^ 1 oiitmtt^'f ^^^f (2 2) itrisu^?^^i^i*ii^*BBgv^«m'r40i^ 

m%'^\ 2\ i^(Dmim2 (Dmm±y yif (4r 7) ^k^^. mu^ 

l<D=iy :^ h (44) idX Z/^-fi < I o (7) ^g^^'f^ :7 (45av 45 

b) Ji, ^8ttaU#^5i^<7>«m'r4ijij^«rBfifeL> 2 :n y ■f^ h (4 6) * J: 



W 00 3-5 24 29 5 

[m^m 1 3 ] m^(Dmtm i^jiz/m2 <7)mm'Wy ^yif (7 6. 75 

) ^IBL ED <7) — 0(7)i!^ic Sv^miE^ 2(7)3 ^iJ^j^ h (73) , K^^^Jf?? 

7 5) m^m2<Day^i7y. (7 3) ^^i^mtzKnm<Dmz\pi\fxm.^<7:,m 
2) ■A^(bmmm2(o=ty^ ^ h (73) t^fqjttT^ Hffi5»2<^#m'r47^ ( 

[mmm 1 4 ] mtm 20:)^^^^^^ (111) fi, ttriam^iEieife® ( 1 

1 2) <^t|=^i£< tr^^au, ■m^%2(r>mm.l^y ^yif (1 1 3> 114) (i, 
mf5»2 con^-^i^ h (111) :^5^e>ifrfEL ED<0il*^Cfp]ttT^m'l'4Sii^^ff^Be 

L^ ifrfB^i<;D#m'i4:7^ (1 1 7) fi, mie»a <^n>^'ij' h (115) 

•i)-^hmZ^2<r^uy i> }. (l l i) tC|6j»tT, ^IB^2<7)^m'I47'f >;tr (1 

13^ 114) n\mm^^-s,\^m.s.mwmmk^ii^^\.x\i^iy^kikmnh-r 

'5>lf*:S9 t::fB®<^L EDo 

[If^ai 5] miEl^2«7)rr>'i5'i5' h (9 1) (±. lf[|Bm«M (9 2 
) (TJif^jc-fiAmt^ lirlB=r>^^ ^ (9 1) ^^^HtrlSL ED<7)*>i:>^JC7&oT^ 
tL'PtLRM:^[n]JC5i?>^S^^'f4g{^-^ji^^-^^ goo^mt^^SI (9 3) 

y^m^L. m^%2<r)mm^-y ^ (94) i)\ mwm (93) jciiEteit:^;^ 
9 5) i& ixfm^\^Ei^(om.i)-^hi^w^^ (9 3) ^'fpjftr. mfei^2<7)7^ > 

^:S9tcfe«<7>LEDo 

[m*:^ 1 6 ] m<^mfe^ 1 *3 J: O'^ 2 <!0^m'l^7 ^ V (84. 87 
) ^#<^^, fltriE^2 07^ (8 4) {i. mie^^2<03>^;^ h (8 1) 
®r>'smfe¥^T'5:->'i^-ifi^?i^OiSmi40S&^?^fig:L. tirfS^l<7?7^ >:^f (8 7 
) mtmi<7>=iy^i^ h (8 5) :i^^>]^iyf. flIffES 2 <?5-yi^ -if ^ >:>!f 



(5) #«2 00 3-5 2429 5 

v^:6 Cl t t -r & 9 J^IB^^^ L E Do 

m-r^:^^~yy)^^yty^^~v (led) -c^o-c, 

Mie p t n SJ1<7)M twfgJt ^> e ^ ^ ? 
*^-r*LED3T (13 0) t. 

fr|ELED:=?T (13 0) Hl^ Ljtrl^ 1 <7);^ T'U :5^J1 (1 2 6) 
mUL E D3 T$-iiL-C1ifie^ 1 O;^-/^^ ^^'^ (126) i^M-t&^J^^^ < 
4) 1 o(7)}#i:, 

mi^j^^^j:< t'hi^<Dm<^^<^ti{umi<Dy^-:^^^y^m (126) o±tc/!,-^c 

< 'b lo<Dmi<r>mM'\±y ^ Vr^r d 3 1) 'Sr^t-rs^l iJ' h (1 2 

9) TiboT. mia^ 1 c7?n> h (12 9) tS^^., mifi/l'^^: < t 1 t^cT)^ 

1 co^H'f^^ ( 1 3 1 ) . mtm i<D7.^uy (1 2 6) isx z/mu 

L E D =r T (13 0) KUM'^mH^ X ^ iiZ\^fzm I (O^ > -^^ ^ h (129) t 

miELEDnT (13 0) KmmL. miE^ft 1<7>;^ V y (12 6) tHK 
Mmi^lkiffcm2<r)y.-yuy^m (124) i:> 

2 0(7)>|@^!j(??-t^' -> a (12 7> 12 8) ^^"t i>mMm'C^ -^X . 

m<Dmi <^-^^ 3 y (12 7) ^tfr|EI^2<757.^l/-y ^''tc^'^L/tr^m^ (1 

2 7 > 12 8) t> 

•irfeiitm®<7)flfri£^ 1 <^-ti^ 3 ^ (127) Kmrnv. mt&m2<D:^-:^uy 
^(12 4) ^iR*)■ffl^^::l^^t^c-9-•r•7•Jr:/ h (122) -e^oT, miB^m© 

<^fl2(^-lr:5^->a > (12 8) 'bttlE-if > h (12 2) P^"*" * J: d 

tTt^tr-^-^^ h (12 2) fkm^. mmLEDit. mum2<D-ti^i^a > ( 

12 8) <t sif|Sn> h (12 9) t(DmKmmU^ (125) j^l^ltx. 
TJ^tiJ: oTfltrlBL ED (13 0) i:^^^-^i> X ^ izLfz:: t irWI&t 



C6) !Nf^2 00 3-5 2429 5 

•r^:^^- "7^)1^1 EDo 

m^mi 8] mmi<D7.f]yy vm (126) ^mmv.. itrtaLED 
3T (13 0) t\t]yLnm^^m.^irtzmm. (123) hKm^tz^it^w^t 

9] mZ^m (12 3) Ji, jgji* 7l:f±^stii^^^^f,<t^tL 
T*5l9^ HtrieL ED 3T (13 0) \z H ^WL^^tz^<r>±.'^%im'Cih^ ^ t 

t -r ^ 1 8 iem<7) L E D o 

mmm2<D^:/\yy r (124) ^t*, ^^muny!)'^(^j^ 

^ttT^3^)^ LED:3T (13 0) >d-^<^>3fc^mfe^=K (12 3) HlPjttTSIt 
-r^Sltgf*-? 'bJi'(«x./cii:$-#t^i:-r*lt^«l 7tcfa^OLEDo 

im^^z 1] miasm®o^i<7)^ri5^v3;^tHtrfs^2o>^>^U'>y:5^i: 
(12 1) ^-^hKm^. mmmmun (125) T^j^^^iS'f*:^- 

HxTt^ <t $r#^<b-r^W^^ 1 7 tc|efc<^LEDo 

K-7-L7t:2j^Jl±(^P^-r^® (1 U 14. 15, 16) 

fltrieedu i4. is. i6)(Ddibittziiu^<Dm^mLXj:-yi^> 

i^^fl.mtimdl. 14> 15. 1 6) .<7)l^<7)±tfzMUi^^M'S:mtii 
■t^{P^£ <b^l o<7>Jt (2 3) 

< i ^ 1 o<7)rt (2 3) ^ + <7>miaiim L;^:Mco_hH/^-'5r < <?: t 1 o 
<7)^ 1 CD^®'te:7 ^ (2 2) ^^r^^ 1 h (2 1) -e^>-3T> 

nU^y^i^ Y (2 1) ■irSB^^^:< 4) 1 o(7>^ 1 (T^^-f (2 2) *5 

J:0fmBE/±lL;tm$r;t1-;&fltflSg (11, 14. 15, 16) KnUtm^^ 
^r>i^Lfcmi<r>^>^^ h (2 1) 

frfE@l^i-2>g ( 1 1 , 14, 15, 1 6 ) cog®c7)±tc/i.>^ < ^ 4) 1 oco^ 
2<7)^mtt7^ >;^r (2 0 a, 2 0 b) ^^fT^ ^ 2 3 iJ' iJ' h (1 9) "C* 

y^yif (20a, 20b) ^J: W|EI»^1-2,J§ (ll. 14. 15, 16) 
t^m5iE*«35EtL;i> J: -9 U;t^2 <7)3>^'^ ^ (19) t 
S-^iix. C: t t i- ;5, ^^^-lif: L E D o 



C7) :Rf^2 00 3-5 24 29 5 

0 b) a xumm-r ^mn^j^-^j: < 1 1 i^<Dmi<omm.'my ^ yis (22) t*. 

^tt^,<^5g$i<?5-g|S55^lcov^T|ltte¥fir-e^:&c:i:*r#^ti:-rsW*«2 2 lifB 
^c7?4^##L E Do 

[W*:®2 4] fltfa4'-'& < <!: 'ij 1 0(7)^2<D^m'r4-7'f (2 0 a. 2 
Ob) i3 il/P^-r&tfrlE/i'^'S: < i ^) 1 o<^^l<^^m'l!47 (2 2) ^±. 

:^-'Srm0KftAS'^f 9 C: t Sr^^frsW^^ 2 2 tc|B^co#^^#L E Do 

[M^«2 5i 1 o(^mie^ 1 «^i@cmi4-7'f >:<r (2 2) ^-^^^ me^ 

2cr)3>'^i> h is J: CF^i^^Ji < t 4) 1 oco^mt4:7^ ^^:^r(20a. 20b) f±. 

\<7^mmAk-y ^-yif (2 2) j&s. mu^T^ji^0fi&i*iti«ig(/^^m*i4Miss-3i^fi£ L 

Tv^i&^t Sr#Stt-rait^]g2 2 ICfB^O^^^L EDo 

2 6] 1 ocoMieii 1 <^3gcmi47 > ( 4 7 ) «r-^*^. Mfet^ 

l<OD>^:?h (44) JlOf/J.-'Sr < lot^^mt^^^ >:^f (4 5 a> 4 5 
b) (i, mteU^51^<7>^mttg!^^?^fi&L. mi£f|2 (7)3>^^ h (4 6) m 

D''mie^2(7)^m'r47^ >;^r (4 ?) m%^\i^w^^n\'^m^\j^m'm^B.^ 

S:5^^L'C>/>*C:i:^#mi:-r:&lt*:^2 2 mBic<7)###:L E Do 

[H^a 2 7 ] ^m<7)t{rfa» 1 *3 J: Cl^^ 2 <7>^m't4-7 V ( 7 6 . 7 5 
) i: > flfrlEP^-t-^S (11> 14> 15^ 16)<^1 ocoJSblCjav^HtffS^ 2 <^ 
nVrJ'^'h (73) SM«flOiffitciai/>Mie^ 1 <^ > rJ' h (7 2) t 
^IB^2 c7)^mt47 >':^-' (7 5) m%^^2(0^y ^ h (7 3) 

) ^IB^ 1 <75 3 ^ i^. h (7 2) 35^P>miBll2<7)n>:J':^'h (7 3)lcroJlt 
fltlBf^2<0^«'I47'f (7 5) HtC«iiBlC3^SlcM^^^<^^m'ltSi^ 
«rBBfi:LTv>;2>^ t «:#mt-r;&ffi*]®2 2 HfBiR<?>^«'Pt^ L E Do 

[m*:S2 8] ^%^^2<r>ziy ^ ^ Y (111) (±> HtllBPitT^^ (1 
1. 14. 15> 1 6) cog®<754'^ia< t^^ifib. t(rl5^2c7)Sm'r4-7'f V^^T 

(113. 114) {i. m^^2<r>^y^ ^ y (i i i) t-^hmzm^-t^m ( 



C8) 00 3-5 24 29 5 

11. 14^ 15. 16) comm<DmKf^nxmm-\±m^^m^L. mmmi(D 
mmmy^ d i ?) m%mi<^^>'^^ h d 1 5) ii-hmm2<r) 
=r>:J'^' ^ (111) tifSjitT. num2<Dmm^y -i yis {i i 114) 

[m^m2 9] m^m2<D::t>^^ h o d m^^mm^thm (1 1 

-14- J ^ \ f^^®*^**'^'^* BIT te^f > ^ ^ h ( 9 1 ) 

a® <^ * 'ii-it ■?& o T ^ tL ^'tL R^;^ |p] M f^'^ mu'Wrn^ ^"B^-t^ 2^(Dm 
n.'^^m (93) ? <b Kmk. . ttrie^ 2 <?>;«mt47 ^yif (94) t^is^ 
i& (9 3) \mi3^%^^mmm^^r^^\.. mtmKDy^ o?) >6^ 

mumi<D^yi^^ h (9 5) *3<J:c^ttrlE^ffi<7)iisi5$-<bHtriE^£j^ (93) tciRjjt 

t=^#^lti:TSm^:^2 2 lC|S®co^^#L EDo 

[»^« 3 0 ] m^<Dmtim i^xz/m2 (^mm^y -(vif (84. s 7 

) mm2(Oy^ yif (8 4) {4. mt^m2<Day^i; Y (8 1) 

^i>*s«ttaW^->'^'"^fi5^?^(^iSm#0]^^^B!tL. mm^KDy ^ y^ (8 7 

) 14. fliriB^i (?)3>i5^i5^ h (8 5) t-^hmt^. mum2<DVi^^^w^y ^ yif 

Si t^iifM<b-r^K^:g2 2 lcfal;<75ij^ig^#L EDo 

- K (LED) -Ca|,-^T. 
Jitr^ + ->r ;l^B!t:g^^^cpSg (16) t . 
Jit°^^-:^^;v/BfeS?-^;t:nSJl (15) t> 
fltl2pM^i:nMe (15. 16) (D^Km.^^^ hiitz:^\£ ^ ^ ^ 

tzm^m (14) i . 

il'->'^< ^ 1 ooS 1 O^mi^^-f >;^7* (2 2) ^^tTS ^ 1<7) n h ( 

2 1 ) t . 

mtz^m.miQXx/m±m (le. i4) ^mi.xmt^nmm (15) s-r^j^^y 

•^>'^^?^i./c/i'>>5:< t 4> lO(?)^ (2 3) T-^oT. ^IB^ 1 <7) 3 > ^ h (2 



C9) i^^2 00 3 -5 24 2 9 5 

1) is J: Xf^i^-^j: < kii lo(Dy ^ {2 2) iiK Mt^^y '^'&fifzn^<D 

mtznmm (15) \z^i>iio K\^tz{};^^£< \^(Dm (23) t. 

1^12 p mm (16) (Dm 2<Dayi!^^ }^ (19) isi: < t 1 oo^ 2 

<^iimt47^ >*'(20a, 20b) t^m^. mrl£^^^ < t ^3 1 oc7>^ i js <): 
iy''^2<7)^m'f^-7'f (2 2 . 2 0 a^ 2 0 b ) {i> -etL i^><7)g $ co4'-'5: < t 

Do 



ao) iKFa2 00 3-5 24 29 5 

[ 0 0 0 1 ] 

^tctBMti. 1 9 9 9^^ 1 2^ 1 0tcaiMLfcTarsaffe<7)^iil0^6 0/168 

, 3 3 s-^mmi:^^-t^o 

[0 0 0 2] 

i'^ia. ^^^"-Y:t-K (LED) KML. iVjMlCfi, ^M.^ilfzmm 
iltMit (current spreading structure) ^T^-j-^ L ED it^m-T 
[0 0 0 3] 

D <^ CD ^ ai T 1/^ < o 

[0 0 0 4] 

-iT'fav^i tt?^;S,o -^cOTti^t-:, L EDcolsefflfiTt^^Ti/^cDJ^-^, M^^ftO 
g^^>:7"'5rt-c7)iSffijr|JgA,tL, i<^)i: i<r)LEDO^-f Hf-rXjiO. 2 5mm 

7^:^^•7-^il 0 5'J'7';' h (mW) pjc7^^T'*>;5, o 

[0 0 0 5] 

h;i-li«-C^5feL. ^ti^rftfflLT^ SfeTfe^-^tf^i f ?'S^-fec^5fe^^<^^B 
-Ti i:;6^r'§;2>B^^ < Ti^^i)^<7)L ED^^ifm^tLT^^ ( HS^t^T^SfeL E D , 
p°p#^NSPW300BS, NSPW312BSfi^ *3 J: a^Hayden<^^g|i^^^ 5 9 5 9 3 1 6 f 
I»*jltip1e Encapsulation of Phosphor-LED Devicesj ^0M^iifz\^-*) o ^iih 



(11) #^2 00 3-5 242 9 5 

[0 0 0 6] 

L EDO^^'7-*3 <fca*^m«rit:^$-er2> 1 0(^:^^fe{±, L E D <^'9--f J: 
X(±. m^n^iJ'i^ h;i^^^?r'r4^^m-m^?;l):^ft5lije:tfc (spread) -r^^i:^5-e 

[0 0 0 71 

[0 0 0 8] 

n'mm^mi.'^^^m^^^-r^ ^t^'tfih e d*«^^^ tiTt (c.B.stri 

ngfellow and M.G.Crawford (1997), High Brightness Light Emitting Diodes, 
Semiconductors and Semimetals, Vol.48, pp. 170-178 jg^ ^ $ :}t/-v>) o 

m'i4 D > ^ ^ h -^fi. J- e ^ ^ -> ^ t iiKMm<Dmnf&&m± 



(02) !^^2 00 3-5 24 29 5 

. 2 5mm') Kii^^^fz^K ^ L ED K:^^ - V > if-f i> ^ t ii-r^^ 

[0 0 0 9] 

^<DJ:d^^W.<ni^a. pmm<^m^'tm< VXm.WLW.m (spreading resi- 
stance) «r/h?<L. m.m^^LED<D^t-^tm-ri>ji^K-r:ho ^Koi^ma. 

[0 0 10] 

[001 1 ] 

Nakaniuraft6o^g;^^^5 6 5 2 4 3 4^lC{i. *fiiSi^^±lCgg:g ^ -^7tg>fb 

m^mm^±<Dnmu^im^xi)AW^r^o p M^#icm-2E^^i!c-r& fztb. ^ 

^ig (semi-transparent) 'Sr^-Mffce* p MJgitcm^t?' -frS o pM^^^^^^j. 



(13) #^2 00 3-5 24 29 5 

[0012] 

L EDcog®T^-5><7>T% ilAticeti. Sfelt^tLfc^fc^ORJKU'Srvvj: ^ ^c-C§^/i 
(Sheet resistance) <^£^o L E D <^>1J-'f X5?>«it:^-r * Hoti> 1# 

J^SrTtf. 3tiffiiJESrJi:^^i-tir. L ED«^3titii:b^M^-rc:i: l^'i^- do 
[0 0 13] 

[00141 

A?tifcLEDfi. Ilill^f t-r^ ^ S /t: (i «9 :^ ^-^-^ XH ^ 

il2;tfcmjtfi> /h^L EDt:^ML ED<^M:^-CpMi3J:i^nM^l*It^:feit2.mm 

[0 0 15] 

K p MJ§ i: n mmcornKJ^^i ^ ^ -> ^ ^ $r^t-'2. L E D 3 T ^ 

•^tfo L ED3TlC|l3gbTSl<?>m-^X7'Vy (spreader) fl76s-^t*Li,o 



(14) i^«2 00 3-5 24 29 5 

[0 0 16] 

mL\^>LEDl±^ hK. mi <^:^^Uy ■$rmttiKMm<7y LED =iT±lzm 2 

/y ^ yirfLEDr2T<DmK^W^^i>o 7.-:fvy vm\t. Bi^-^-s L E D 

rmxy) *«mi**«ig< > CitLi:: Jroxm-^Kfi. m2(D^y V/y ^ yifH)-^ 
h^2<7y:i.^vy vmiBXifLEDzir±W\^. X ^ n^Kmn^h^Ltt^-c^^ 

o , 

[0 0 17] 

-eal)i9> mi<o:^zfVvir^^^^±^],z^^^^X. L E D r^rc^WH^ 

* tL^ J: ^ Jc-rSo ^ 1 {is:Mffl!l<7)L ED 3T<7>^®JC^ii^ 

y^i7Yj&^ xj^(r> y -iy iStt^'Ti^^ « 
[0 0 18] 

•xnM^w^-f^o wm-r^mi<7)y ^ y:fftm2<Dy ^ y:^'<Dm(oS:^mit. is. 

$v^o itLfi, LED=iT(om^m^<oi^-^j:m.mmx^^mT^o mL^^nm 
^Wcmj&^wmLx. mL^^LED^. mm-r&y^y:^'w<Dmcmmti:Wi.mm 



(15) !^«2 00 3 -5 24 2 9 5 

[0 0 191 

[0 0 2 0] 

[ 0 0 2 1 ] 
[ 0 0 2 2] 

^^.<D^mi^U'^i^:^T^7!)-^hM^^iifzLEDx^m-r^zti}^x^^'^K 



(16) 003-524295 

(s i c) ^ •^yT^Tyiif<o^^±Kmi'f^fifzi I imm^m^- 
7.<7)LEDt^#t;itfflprfl^-c^;i>o s ic{±> GaN'SrircDi I im^^m^i^ 

rham. North Carol inacTjCree Research:^:;^.?,^^^!^^-^^ > S i C^^^^ 
fif^:fcm. ^Jihmz^mm^'^^ E34861-^. 494654 
7-^i3J:C/5 2 0 0 0 2 2^\z.%^M.-^^X\^^>r> 
[0 0 2 3] 

IM1> 2i3j:D«3tc^ 2i:LED=JTl 3 <?>M tlTts ^1<75;^:/ 

V-y jr«*^-r-^m^ 1 1 $r^T^iTLv^iE:&^LED 1 0 S-^-To 1 3 Ji 

, j^(i^^v-r;i^fifeS?-ii:;t:#me 1 5 t 1 6 OH ^^^^ tL;^:a-fc: ^ ^ v ^ 
^"^^tzm'X^m 1 4 ^r-g-tfo nM* TtJipMt^MLT^, mm.m 1 5 (iJ^y^-y 
1 1 tlwicM-e*'? , ^ffi^i 6 {i;^'7'V'y rTi i h\tU.n(nm-r^^^o Ut L 

^ o 

[0 0 2 4] 

-\dyym^^m-t^o ti^t tv^ K- tt^-^ilJ^fi, 1 X 1 o'' c m'^Tfi^h 1 X 
1 0^' c m"'-C^»9. $fi tv^iP^fiO. 2 ^m:d>^ 1 0 0 /t/mfSbSo S 1 1 

1 2±ngSjti-i.i t*s-e^i,o 

[0 0 2 5] 

mm 1 6^n^^j:v^mnm 1 4 4"^<^S0iE<^f£tfc$:si,ic-r^o 1 s fi, 

#mei 6 iiUDK-ev^^M-C, Sll <7)y!.7'^'7^ 1 1 a:Pl^tO)??*5J:?/K 



(17) #^2 00 3-52429 5 

[ 0 0 2 6] 

m2<7)>^^U-y ri B±i^{i. 2 ^<D^ 2 (D^m^y y if 2 Q iiXf 2 0 

<^^^^ii?^T. 7'f>;y'20at20 b<7>Ml::^2 0;^-7'l^>7 ^ 1 8 <?)/h^ 
[0 0 2 7] 

k^^dsjc, ^i<7)=r>^^h2 \^i.xfw>\(ommA%y yif2 2i3m^^^^ 

7> 7° tJ'* 1 1 L E D =rT=Srl:iiL/c?||/^^^;V2 3:*^ 

a«7 -r V 2 2 j&Wf ? tT'T v> & o 
[0 0 2 8] 

LED^fTl 3\t. itm^y^yii^. y( :^y^)\^:x^y^y-^^j:}f(0%^<D^m 
^^m\^XJ^-j^yiff^^t-h^'C^^o^^M\%. 3>^i^hl9^ 21^3 
^xf^y^^i^ y<Dy -i yij\t^ y^. ^ '^%<r> 

# < <7>^ife J: o Tit^ ? & ci i: ^^'-e i * o 

[0 0 2 9] 

gjf^NplCfi, 3> h 1 9^<J:t>'2 1 IC/nM TJ^*eptni-*o 3>:J'^'h2 
1 ^^<b<75m^^{E{±^ -ecT):?^ >:^2 2Hf&-:>T^l<7>^lltt>«>':/l^';'^l n^JiTtS: 
■f^^ nmt. ^i<D:^:fiyy y 1 i ik#li?i^t5: ^ ^ «; Tti, ® i 5 ^iiL 

^>?!f20ai3J:O^20 bJC*£tJ:L. 2 <7>;^ y V- 1 8^#twX6;5<>« 



(18) #^2 0 0 3-5 2429 5 

^^') Tit. m 1 6 'SriiLTL EDYSI^fil^ 1 4 JcmtJi^— lc>^A ^ tL^o 

o 

[0 0 3 0] 

^b:bZ.ti}^^^^o lill~3{i> j|fSp-9--fX C^o. 2 5mm') b-t^^t 
[0 0 3 1] 

m\±-. 0. 1 ~3 0 ^ iJ'u>t-r&it:*«-c§So >**<75(ia*xs<-r* 

mit. 5- 5 0 0 ^ ^ u> ft:hz.ti)'^x-^^o w.mi)^m.^^iii:mm!iWLmn<r) 

fi:h:LtK^:ho y ^ >*'<^J??fiO. 0 5-3 ^i^x3>ft^:iki!)^X^i>o 
y-i ylSiim^^\^i^mMWt%\tA'-^ < S^ittw J: »J < <^^W t nx ^i)^ 

[ 0 0 3 2] 

i^xf^^ho^mm^y -iyifi 1^ 2.. 20 b, 2 2(±^ ii:^jMf)t<?)/h$v>igtm*t 
m^hi^h^^o =iy^^ vb^hy ^ y:ff\^mfi^m.mt. /h-^^j:ijj:WLmA.^m 



(19) !^^2 0 0 3- 5 24 29 5 

:^itL7te*3j:TO'l*^ 1 4'\(^^-'5:m-aiLlfi;tfeS:4*iiE-r&o 
[ 0 0 3 3] 

^fcJwj!E'<^^i:^ > ^2(7?7'f yiS2 0 ai5J:C>'2 0 b fi, L E D L ;t 
oT. §|7feJi^^-r^ L E D 3 T<7)^t-r < '^^o Lj&^L, 

'5:^5!l^*«|pJ±U;tL ED>i)«#<bi^i>o 7t2 3 fi. ##fi<J'5::)fcai:ib «rlfl]± ^ 

■^^b^m'^t^tb^o ^^\t. L E D cofSttJg 1 5 75^^^:^rRitciifeit$tL:& 

fzt>'^1hi>o 2pjtH;5^g^^;^-f-;g, L E DTfi^ *i>#J'$-<^3fe:6'L E D<7)g®-es: 
■r^ClttiJroT^ L EDcDF*]gPT'&ltL/C3l65i>-'?#tc3iL. i^itHi'&^^J&^'ii:^ 
[ 0 0 3 4] 

|2l4i3J:t>'5l^. |ll~3c7)LEDi: fWI#c7)ff Uv> L E D 4 0 co-ftfeo^ife^^il 
^r^-To C:(7)L EDfi. I^C^^l 2 is J: O^H 1 (T);^. ^ 1^ 3^*® 1 1 ^^-t^o 
t/z. LED^i^ |5|^<^LED=rT4 1. j$ XX^L ED ^ T<Dm'mm 4 3 ±Km 

[0 0 3 5] 

Uyrm4 2CD4'^7d^^®3lt^^tfci-So LED3T4 1 {i, L EDOj§H<^)9 



(20) 00 3-5 24 29 5 

^ 1 '^T.y'Vy vm 1 1 KitW- 1 ^ y*' A 5 a ^ J; o'4 5 h-h^mM^^ 
x^y). ^y^y^'^^tzm\,^'}&'z>x$^i(r>uy^i7 y 4 Aib^hU.n:)s\pi\z^'D 

ttTV^ ^ ^ 2 ^ 3 > ^ h 4 6 {i . m2 (D 7^ V vjm V^Wit ^ Hfz 1 -p 
mtt^^ ^^5^4 7 L, ^ 4 6 yJ^^Jitf^^v^ju;!:^^:?^^}^ h 4 4 

<7)ySi&lKLED<r>'P'L^m.<D:K^^KB'oXM^o 
[0 0 3 6] 

LED4 0}4. LED 1 0 tl^Dm«tj[(^fiJ;S^^i-;&o mv5lE{±. ni-iJ'i^ 

tfc-rSo ^10=r>:5^i> > 4 4 ^ J: tF-E-cO 7 y A' 4 5 ai3J:?^'4 5 b;5-^5^m 
'^(i^ mi (^^^yuy Vm 1 1 ^iioTL ED374 1 * -T^JiJift-r m2<Dti 
^Y 4 %i^ixf^(n)y ^ yif4 7 :d^^coi|0ttf4. m2<o:^z^Vy ym4 2is 

J:O^LED3T4 1 icilJiJLi-So LED 1 0 t^<|^;jt(;. LED3T4 1 
$-:^/N'--r«>fv:*?)lC, >;^r4 7 :d> 2 <75;^> •/l- ^^Jl 4 2 S-iio Tm^fE** 

i^tfc-r-CifigStfi, MM^tL;5.o -?-<7)^*. m2<D7.fVy ^MA 2(Dm^^m 
<-r:&:it^^X^. ^iiKJ:-,>X^<Dm2m&M.-r^o m2(r^y ^ yif A 1 hW> 
1(7)7 4 yif4 5 a*3j:!T4 5 b <t<0g£gi{4, M^7{»^;^-/n^-9 y T^L^irEH-e 

{51^*^— C*i9. ^OSS*. L ED3T<7)f!&14® 5 O-^om^Ei^ATi^i 

[0 0 3 7] 

Iff Lv^mMt^:m^t<^)*^'5r^l|;S{4^ J: '9:»c§'S?L ED±T'^ffl LT^, 

?*t;tm^<7)M>i)5|i^?t^;5,ii:-t?^-&o [iietc, mi. 2 is j: a's <j:)L e d 

1 0 h I^M<7>^MMii^^-r^|lr Lv> L E D 6 0 ^^"To L E D 6 0 ti, ^ 
IK> ^1 cOJ^^T'U'-y LED3T (^ik}L\tm^X\t^^> Z.hii^X%tj:\,>) , 

*3J:c>*^2<7)7;y^'y ij^jge 1 ;&o itiiofi^TL ED 1 0 t <7) t |W|^t 



(21) 0 0 3 - 5 2 4 2 9 5 

I Kit. m2<D^> 9 i7 y & A ^i. Xf^<DmWS^y '^>':^f65a^ 65b ^ Jt^t 
[ 0 0 3 8 ] 

LED60^> LED10J:l9*b:^§<> ^o:>2in. & 6^ ctC>'6 1 (D^^ij^m 
[0 0 3 9] 

12 4*3 J: 1/5 tc^L7^:iettti^o%^T, IWI;f||<?5g^5i^ L E D ^i^^^-T CI t 
[0 0 4 0] 

L ED 6 ooiii]D<7>fij,"Srj±, mc^mm<^]Ei5ML E D X ^ ^m^m^w^^kW. 
T <7)s<^ 1 o tcgj it Lft^-r & i t ji^-e -6 o 

[0 0 4 1] 



(22) #^2 00 3-52429 5 

[0 0 4 2] 

ED 7 0 ^^-To L E D 7 0 m$.<D&m. ^ 1 <D7.-fV v VM. L E D nT 
(AU±{4lll7-e(±msc:i:3!?^-e^^v^) , ^ J; 2 co;^ T'l' y 7 1 Sr^l" 

[0 0 4 3] 

X^^t-r^ i t i)^-x^^^o i tv>^ 2<75nv^'i^h73 }4Pg?^-e2b »9 ^ L E D 
<7)i(Si<7) 1 otCiJ£< , ^2(7?>^7'Vy ^^7 1 i^M^^fl^o #m'te^]^7 4<??2 
0(7)$|553'{i, ^2(7)xyv^7:re 7 1<D±^. g^^fS LED<7)iftir^^fi;=r > 
if'^' ^ 7 3 ^>^JLV^HSM:J^|piI»w^oTv^;5,o #Sfc<75^m'll4"7'f y:ff7 5 f±. 
2<7>:^7'V'y^^^7 l<D±^^m7 ATi^hWiMi^'^Vr^f^^ho LED^rS-J^-'y 
f->i>'*L-C, ^l(7):j>^^h72 ti^LT^ 1 o;^'7'V"y tcfll^^M'f* t 
^ mi<7)y ^ yif7 QliZM L-C?t^r^tt-rSo t«/^^ 1 con >'^i5' h7 2 (4 
JE:^?^-C*i9, ^ 1 iJ^iiO. p h 7 3 t t4S^ia!10«t<7)4"^ 

JCift^^tLSo LED<?>jfiilCr&o-C^l<^3>;5'i^ h 7 2;&^P>;R!^7 2 b*«S£U^ 
T(/^*o «J^7 2 h'A'h^&7 4 J::|plj5^-:>Tit^tC7 >;^r7 6 5i«5i2/Tv> » 
m2<Dy ^ y^' tmi ^ 7 5 . 7 6 <75SgJ?t(4{5t?:te) — {Cfli^^s tt. LE 
D -\cr) {5 ij:^ - ^ A "C § fiJt "h^ l^/h ? « L ;0^o T s 

fzt^mm^^ ^<^L ED Xy)-:k^ <Xi>. LED70f4. ±ie<7)*iiM 1 1^ 

[0 0 4 4] 



C23) #^2 00 3-5 24 29 5 

v>LED 8 0<^fl&<^^ifeBi^^Sr^R-ro L E D 8 0 fi. ^UHi^htl^ 2 y 

ymr^\tmm.\'m.^B 3 i^mt'^^^X^^ . ay^^ V S l75^^LEDg®<7)2 

8 0 $r^*;) 1-^-51 •oT> 'yi/^^'B<r>m2<omn'{±y ^ y-ffZ A 3i)«^oTV^So 
T-f :^:^r 8 4 3 t-^hU'^i^^^^X.. :^v^t^, L ED 8 0 ^M-SOSl^ 

[ 0 0 4 5] 

LED 8 O^I^KDT.-zfVyVmt-^^y^y-ifLX. y^l<r>::iy ^ h8 5 
l(^=I>'^;^^8 5^i^ 1^ 1 cT);^-:?'!/*;' :^^e±<0^ f^2(0:2y ir ^ hs 1 t f±s: 

>i^i-ffi!i<oL ED<7)^tcitii?*t;i>o mm.'mi^s &i3^w> \<D7s-fvv ymKum^ 

m-^l£M^I^8 3:6^*:^?^^^-LTV^?iv>a^9<0 2a^^7&oT^l<7>3>^^5' 
h8 5 75^^LED8 0 o IS-^JlAtfcS "7 -f >;^7*8 4 <b |W1 Cj^ft 

K^JViJ'-if i/ff^^-f >A*8 7:*^ ^ 1 -T" y 3^® <?> 7 >;^r8 4 

[0 0 4 6] 

v^^ifr^(om\t. L ED 8 0 ■b--hWL%^^fi^%(Dt^\^^M^^^^ i>-r^o M 

[0 0 4 7] 



(24) i^^2 00 3-5 24 29 5 

"c^/^^o L ED <Dm I :^ y ymKmm^^^-ri>tzi^. LEDm^ttl^ 

iav^?^^ 1 V ~^ Zf-^':?^? tlTVV^ o ^1 CO J?. -T* V ^ i?^® L E . 

[0 0 4 81 

lai 1 IC, ±ia<?)^*fi?i^^t|WIDe«it'S-:f1-&irLViLED 1 1 0O^ifc<^* 
mr^r'^-^^-t^ LE'D(r>m2<D7^-:rvy vm 1 1 2<o^^K. %2cn>r2y^ ^ y 
1 1 tLTv^Ji>o ^mtt^-f 1 3 {i^ m2<r)7.yrvy 1 1 2 

±$•3:^^?'^' h 1 1 1 :d^ibLED<Oitttc|^55^oTfelt^^tlc^a^TV>:S,o V^^if . 

1 1 3<^j|a,i^.ra<^aEStJi*ij— e*2>o ^y^i^vw \ii-hlt.mw,^^m^W 
y^yii\\z\t. 2ii^<Dy A yis \\ A^^'^'ii-^^^ 

[ 0 0 4 9] 

^ h 11 5i5j:a«>eoiSm^^l 1 6^m^-ti>o led it. ^ ^KJ^y^y^r 

^fix. m2<Dy yifi 1 3<^)M^^ m2<r>^y^ ^ y i i i <7>:^fS]^]guf* 
#m'r4Sf^^?i^5)t-r^^i<7)7'f >':^;'i 1 7 ^tttt-r^o y^ yni 1 4<7)MJ 



(25) 1^^2 00 3-5 24 29 5 

[ 0 0 5 0] 

^-fk-r-feo L;5^Li<7>3£^ii^iit^t LT. LED 1 1 0 :6^JL^m<7)|lifeJ|^iS t [W] C 

Hi;(iS!j<7)^ 1 (7) -7 yif-b^-^t tL^o 
[0 0 5 1 ] 

±ie<^*»ll*Sii»=K±l^fig;g3'-i^s -7 'J y 7- (flip-chip) 

^-e^&o la 1 2 11. 1 2 3 $ -fr/t L E D 1 2 0 ^r^i" 

o LED120fSs I1I4<^LED40 l^;m<??1Sit«:*-r^o LED 1 2 0{i> 
^\<Dy^-fV-j I 2 6±(OLED=iT 1 3 0. XXf^ I <^ ^^'f'^ ^ t 
tiR^licOL E D3Tt::^tti>^2<7>;^7'ix<>/ i 2 4 ^-^tfo L E D ti, 
^m^l 2 1 (Di^mK^^X-^zr-^^y Y \ 2 2 t;^ir^tLTV^&o ^-^^St^ 1 
2 1 <i> 0 2(?)y?.-7°l^>;'i5^ 1 2 4 (HI 1 2 H^i") S Tt: li0 2 <7);^ T'l'-y ^''iO 
^y^i7 Yf-^y Y'i. ^f^tfy Y tt^^Wkil^l 2 1 t<^Ml:i*«.^m®<^^l 
(75-fei^>' a > 1 2 7 t::^il^-r^o 1 2 7 tiepjP$ tL/i^NM T;^ti J: oT. 

m-^itti. ^2 60;^yVyiJ^l 2 4^J:CFL ED<^^Srt4ffi^ti3i<btL;2.o $^li> 
2 <7) -t -> 3 > 1 2 8 ( t =1 > ^5' ^ h ) ^ 7"^ h ± * 
II 2 (75j|sS'^^# 1 2 5:^^ m <7) y?. •/ V 1 2 6±co^l co^r^^i^ h 1 

2 9 ^mmm 1 2 s t^^j^i-^o ^me 1 2 s jcepjn^tt/t/NM tt^k^^^x. 
mm^kf^KDay'^ Y 1 2 9icjii»). mi<^^y^t!7yi29ii. z<Dm.M^ 

. mi<r>y ^ y-ff 1 3 i^M<3xmi<07s:fVyiri 2 etc^i*, mKoy-iy 
if\t. m 1 <D7.^uy ym<?ymMK^w.^Kx\^^^o mmm 1 2 7 a: 1 2 s 
"ir^^^ yY \ 22 \zioxn'^m'^%n.^^xi&^ . L ED^n* -vco^g^ 
jK-f y Y<Dm% S:1-«>o 
[0 0 5 2] 



(26) i^«2 00 3- 5 24 29 5 

at sinking) i:^-r^:itX-$>^o ''ry'-^ > h HM^^^.Bm^^^-r ^ tii^ 
-e^> L EDf-y T'K^l 2 3 J: 1? 'b^WM7{)^:^^V>o ? lft2^7^7'V'y 

. KHi^^^^Mmt-mtvx. m2<7>:x.fuyvi 2 4 <7)^^6^^£^m^^ 

[ 0 0 5 3] 

RIttlJix m2<D7.-fUy^^m'^XmW.^n,&<DX. m2<D^>i' ^ h^X 
[0 0 5 4] 

LEDXlts ii-ffi-av^i^ hit. ^^zy^ )iymtiiKUn]<0M^^±^U<7yM 

3L-j^-y^ ^mmj^^^ t xmt> :L::.ti>x^^o ^ut^mm^^^x^ib ^ m-^ 

[ 0 0 5 5 ] 

> ^ Kcr>fttoi9 :j rJ' h 7 -f > **<7)T l^-Y ^'fs^ 



C27) !^a2 00 3-5 2 4 29 5 

[0 0 5 6] 

[mi] 
[m2] 

[US] 

[m4] 

o 

[115] 

H 4 H;^ t L E D <7)K)fffi|g|-C^;5> o 
[116] 

BL ED<?5¥®ia-C*-2>o 
[[17] 

mM.<ny ^ >**^m^-&fe*/citH/^L EDmm^S^mii^'^ffl U/iif tv^L 
EDco¥MII|-^*^o 
[US] 



(28) 



#^2 00 3-5 24 29 5 



[HQ] 

[mi 0] 

_m9 <r)LED^Mmmx-^^ _ ^ 

[121 1 1 ] 

m 1 2] 

S o 



[IS 1] 




i^«2 00 3-5 2429 5 



[1171 




(33) 



4^^2 0 0 3-5 24 29 5 



CO 
CO. 
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(37) 



<^m2 003-524295 



^1 



INTERNATIONAL SEARCH REPORT 



Ir. Attonal Appllcoclon No 

PCT/US 00/32167 



lECT MATTER 



Accpwang IP friipmatipnat Patera gaBcWoniwi <TO> Of looow notional oteattcaibw nmi IPC 



B. PieirOa SEARCHED 



Uinlniuin cfecuniflntalbn M«rttiMf (cUMfieafion syalam loioiv«d by dawifiOBtion lynibeto) 

IPC 7 HOll 



Oocumenaiion eeardiad olhei tian minimum docuincMaiion io the ameni turn «ue»i documanta aiv ndudtd i» fh« r»lds wwcrMd 



EtMtionic deOa Ims* oaaeuilad during lAe Inkimsttonsl aevch C^oms ot dala base and. 

INSPEC. EPO-Internal , WPI Data 



wtier» prscticaL atsarch lems used) 



C. IM3CUMENT3 COUSIDEnEO TO BC RBLEVANT 



CaetMn or OMument. v^h tncicaticn, fttimro appropriata, ol Iho ralvwii passages 



Rs^aniioaaimiMo. 



CHUANG R ET AL: "Contact resistance of 

InGaN/GaN light emitting diodes" 

6AN AND RELATED ALLOVS, BOSTON, 1998, 

paoe Q6.AZ/6 pp. XP000997278 
ISBN: 1-55899-443-2 
the whole dacunoent 



us 5 696 389 A (HATAKOSKI G ET AL) 
9 Decemoer 1997 (1997-12-09) 



examples 2,6 



1-4.7,9, 
22 



5,5,8. 
10-12. 

17-19. 
21, 

23-26. 
29,31 

5,6,8. 
11, 

23-25.31 
12,26 



m 



Fuittier doajrmnis va Wats In ih» combmaaon or t»x C. 



P«tant tvmitf nvRibere va loled in anaax. 



* Specivf coieQOriea d dted docu menis : 
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